Studies of coordinated compounds containing ruthenium (Ru 2+ and Ru 3+
Introduction
Metals and inorganic compounds have been used in medical therapies since the sixteenth century (Sadler, 1991 ; Abdel-Rahman, 2013; Abdel-Rahman, 2016) [1] [2] [3] . In 1969, the antitumor activity of metallic complexes containing cisplatin was discovered (Katsaros and Anagnostopoulou 2002) [4] enabling the development of new antitumor drugs such as complexes involving organic metals and/or inorganic platinum, ruthenium and rhodium (PAULA et al. 2005 ; Waxman and Anderson 2001) [5] [6] . Gallori and colleagues suggest that compounds containing ruthenium can bind to the DNA molecule, and that this interaction can alter the cell cycle, causing cell death through mechanisms such as apoptosis (Gallori et al. 2000 ) [7] . Evidence also suggests that several ruthenium complexes interact with specific proteins. One such application is the use of red ruthenium, which is traditionally used as a cytological stain for electron microscopy. In this case, binding of the compound occurs in the anionic sites of calcium-binding proteins (Clarke 2003 [18] . Leishmania Amazonensis (MHOM/BR/73/M2269) amastigote forms were isolated from active skin lesions of BALB/c mice as described previously (Barbiéri et al. 1993 ) [17] . The parasites were suspended in RPMI 1640 medium and used immediately after isolation.
Macrophage infection and assessment of intracellular parasites: Peritoneal macrophages were infected with L. Amazonensisamastigotes (5:1 parasites/host cell) for 1 h, as previously described (Colhone et al. 2004 ) [19] . After the interaction period, the cultures were washed to remove extracellular parasites and fresh medium was added to the cell culture and incubated at 35˚C, 5% of CO 2 for 24 h, as previously described (Degrossoli and Giorgio 2007) [20] . Alternatively, different concentrations of RuCl 3 •3H 2 O and glycine were added to culture of infected cells. Intracellular parasite destruction was assessed by morphological examination. Briefly, in order to evaluate the percentage of infected macrophages and the number of amastigotes per macrophage, cells cultured on coverslips were stained with Giemsa 0.6% (Giorgio et al. 1998) [18] . Intracellular amastigotes, which are exclusively localized in parasitophorous vacuoles (Chang 1980) [21], were examined microscopically at a magnification of 1000×. About 600 cells were counted per triplicate coverslip (Linares et al. 2000 ) [22] .
Cytotoxicity assay: The cytotoxicity of ruthenium to macrophages was tested using the MTT viability assay, after incubation of peritoneal-derived macrophages with 50 to 400 µg/mL of ruthenium for 24 hours. The formation of formazan was measured by adding 0.5 mg/mL of 3-(4,5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide (MTT; Molecular Probes, Eugene, OR, USA) and incubating the cultures at 37˚C in the dark. After 4 h the medium was removed, 200 uL of DMSO (dimethyl sulphoxide) was added per well and the absorbance was measured using an ELISA reader at 540 nm (LabsystemsMul-tiskan). As a negative control, cells were also incubated with the highest concentration of DMSO used for ruthenium solubilization (0.01%).
Data analysis: The results were expressed as mean ± standard deviation (SD). 
Results and Discussion
Ultraviolet visible analysis: Figure 1 shows the UV-Vis spectrum of the compound [Ru(Cl) 3 (H 2 O) 2 (gly)] in water indicating the band 290 nm. The literature shows that ruthenium-glycine compounds exhibit absorption in the 290 nm region, little intense, as characterized as LMCT-type interactions (Load Transfer Ligand Metal) between the oxygen of the carboxyl group (glycine) and metallic ion (ruthenium) (Yeh and Taube 1980) [24] . the band found in the ultraviolet region at 230 nm, can be attributed to internal transitions of the ligand (IL), and were very similar in intensity to electronic transitions π -π* free ligand (Bento and Tfouni 1988) [25] . Analysis in infrared medium region: Table 1 highlights the values of the vi- (Figure 2 ).
The data also show the presence of peaks relating to the bending group ( Two controls (untreated cells and cells treated with DMSO) were used in this analysis. As expected, these controls showed no significant changes in cell infection percentages. Open Journal of Inorganic Chemistry Figure 5 . Effect of compound III Ruthenium and Ruthenium on cell viability of murine peritoneal macrophages. Cell viability was determined by MTT test. Peritoneal macrophages of mice were exposed for 24 hours to the compounds III and Ruthenium Ru in different concentrations. As a positive control was used Glucantime® in the concentration of 300 µg/mL. After 4 h incubation with MTT, this was removed and added DMSO. As a negative control was used only RPMI culture. The absorbance was measured at 492 nm. 100% viability corresponds to determined viability for the negative control. Results are expressed as mean ± DP. Results Ruthenium (n = 7, each experiment being in five replications). *Significant difference from the negative control when p < 0.05; **p ˂ 0.01.
When cultures of macrophages were infected by the parasite L. Amazonensis and treated with 50 µg/mL of the compound, there were no changes in the percentage of infection when compared to control. In contrast, treatment with concentrations of 100 and 400 µg/mL was able to reduce the infection of macrophages by 31% at both doses examined. Similarly, a 49% reduction in the per- CO2 to ruthenium at the indicated concentrations. As a negative control were used macrophages withdrawn from the peritoneum of Balb/c only grown in culture medium RPMI 1640 and control treated with DMSO at 0.1%. (a) The average number of infected macrophages adhered to the glass coverslips treated with (50 µg /mL to 400 µg/mL) and stained with Giemsa, was obtained by counting by optical microscopy. The values obtained by the average percentage of infected macrophages in independent events made in triplicate; (b) Average number of amastigotes determined in cultured macrophages when exposed to ruthenium treatment for 24 h with the indicated concentrations and counted MO. The result is Mean ± DP in triplicate. The significance of the difference among treatment is indicated in the figure (*p ≤ 0.05; **p ≤ 0.01). To investigate the effects of isolated glycine ligand, macrophages were treated with different doses of the ligand in a concentration range of 100 mg/mL to 750 mg/mL. When glycine doses below 500 mg/mL were used there were no significant changes in the percentage of infection, as compared to the control ( Figure  7(a) ). Under the same experimental conditions, a dose of 750 mg/mL glycine reduced the percentage of infected macrophages by 44% (Figure 7(b) ).
Conclusion
Thermal analysis allowed the determination of the stoichiometry of the ruthe-(a) (b) Figure 7 . Effect of Glycine in murine peritoneal macrophages infected with L. amazonensis amastigotes. Macrophages were incubated for 1 h with L. amazonensis amastigotes in the ratio 5: 1, and then exposed for 24 h at 37˚C and 5% CO2 glycine at the indicated concentrations. As a negative control were used peritoneal macrophages removed from BALB/c mice cultured alone in RPMI 1640 culture medium (a) The number of infected macrophages adhered to the glass coverslips treated with glycine (100 µg mL to 750 µg/ml) and stained with Giemsa, they were obtained by counting by optical microscopy. The values obtained by the average percentage of infected macrophages in independent events done in quadruplicate; (b) Average number of amastigotes determined in cultured macrophages when exposed to treatment with glycine for 24 h and counted at the indicated concentrations to MO. The result is Mean ± DP in triplicate. The significance of the difference among treatment is indicated in the figure (*p ≤ 0.05; **p ≤ 0.01). nium-glycine compound [Ru(Cl) 3 (H 2 O) 2 (gly)], however, it cannot determine the correct isomerism compound. With the analysis of the compound in the infrared region, it was possible to determine the shape of connection between the glycine ligand and metal ruthenium. It is observed that the glycine carboxylate group coordinated to the metal by only one of the oxygens, monodentate connection, thus assisting the determination of the formulation observed on thermal analysis. Spectroscopy in the UV-visible region reveals that the compound exhibits charge transfer processes LMCT between the metal and the ligand glycine.
Treatment of cells infected with L. Amazonensis with the compound at concentrations of 100 and 400 µg/mL was able to reduce the infection of macrophages by 31%. The parasitic burden, evaluated by the number of parasites per cell, also showed a 50% decrease when macrophages were treated with the compound at concentrations of 200 µg/mL to 400 µg/mL.
